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                        ORIGINAL ARTICLE    

 Epicardial adipose tissue is related to coronary collateral vessel 
formation in patients with acute coronary syndrome      

    FAT İ H     SEN  1  ,       SAMET     YILMAZ  1  ,        Ö MER     SEN  2  ,       KEVSER G Ü LC İ HAN     BALCI  1  , 
       İ LKER     DUMAN  1  ,       SERKAN     TOPALOGLU  1  ,       AHMET     TEM İ ZHAN  1    &        DURSUN     ARAS  1    

  1 Cardiology clinic, Turkey Yuksek Ihtisas Education and Research Hospital, Sihhiye, Ankara, Turkey, 
and  2  Cardiology clinic, Adana Numune Education and Research Hospital,  Adana, Turkey                             

  Abstract 
  Objectives.  Epicardial adipose tissue (EAT) is the ectopic fat surrounding the heart, and it may contribute to coronary col-
lateral vessel (CCV) formation. We aimed to evaluate the association of EAT with the presence of CCV in patients with 
acute coronary syndrome (ACS).  Design.  A total of 230 patients with ACS were included. The CCVs were graded accord-
ing to the Rentrop scoring system, and a Rentrop grade 0 – 1 was accepted as low-grade CCV group, Rentrop grade 2 – 3 
was accepted as high-grade CCV group.  Results . According to angiography, 70 (30%) patients constituted the high-grade 
CCV group and 160 (70%) constituted the low-grade CCV group. The high-grade CCV group had thicker EAT than the 
low-grade CCV group (6.1    �    1.4 vs. 5.3    �    1.4 mm;  p     �    0.001). Multivariate logistic regression analysis showed that presence 
of CCV was independently associated with EAT thickness, ejection fraction, presenting with ST-segment elevation myo-
cardial infarction, and presence of angina on admission. EAT thickness of    �    5.7 mm can independently predict high-grade 
CCV with 73% sensitivity and 69% specifi city (area under the curve or AUC: 0.65; 95% confi dence interval or CI: 
0.57 – 0.72).  Conclusions.  EAT thickness on admission was associated with the presence of CCVs in patients with ACS.  

  Key words:    acute   coronary syndrome  ,   coronary collateral vessel  ,   epicardial adipose tissue thickness   

  Introduction 

 Coronary collateral vessels (CCVs) can provide a 
perfusion reserve in case of increased myocardial 
oxygen demand. CCV can limit the myocardial isch-
emia and can protect the viable myocardium in 
patients with acute coronary syndrome (ACS) (1 – 3). 
A well-developed CCV is associated with reduced 
infarction area and better ventricular function (4,5). 
The complex mechanisms that mediate the develop-
ment of CCV in the heart are not well-understood. 
Some mediators such as C-reactive protein, uric 
acid, and circulating endothelial progenitor cells have 
been investigated, but they cannot fully explain this 
new vessel formation (6,7). 

 Epicardial adipose tissue (EAT) is the ectopic fat 
surrounding the heart, within the boundary of the 
pericardium. EAT is in direct contact with the major 
branches of the coronary vessels, and secretes 

numerous infl ammatory cytokines (8 – 10). Therefore, 
EAT is presumed to play an important role in the 
development of coronary artery disease (CAD) 
(8,11,12). Moreover, as increased EAT thickness 
predicts the risk of CAD, it may also predict the 
presence of CCV, which is one of the major predic-
tors of mortality in patients with stable CAD (13). 

 In the present study, we hypothesized that EAT 
could be independently associated with the presence 
of CCV after adjustment for traditional cardiovascu-
lar risk factors in patients with ACS.   

 Material and methods 

 In the present study, between July 2013 and Febru-
ary 2014, 510 consecutive patients admitted to our 
emergency department with the diagnosis of ST seg-
ment elevation myocardial infarction (STEMI), 
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non-ST-segment elevation myocardial infarction 
(NSTEMI), and unstable angina (UA) were included 
in this study. STEMI was defi ned by characteristic 
symptoms of myocardial ischemia in association with 
persistent electrocardiographic ST elevation and 
subsequent release of biomarkers of myocardial 
necrosis. Diagnostic ST elevation in the absence of 
left ventricular (LV) hypertrophy or left bundle 
branch block is defi ned by the European Society of 
Cardiology/American Heart Association/World Heart 
Federation Task Force for the Universal Defi nition 
of Myocardial Infarction as new ST elevation at the 
J point in at least 2 contiguous leads of    �    2 mm 
(0.2 mV) in men or    �    1.5 mm (0.15 mV) in women 
in leads V 2  – V 3  and/or of    �    1 mm (0.1 mV) in other 
contiguous chest leads or the limb leads (14). In the 
spectrum of ACS, UA/NSTEMI was defi ned by elec-
trocardiographic ST-segment depression or promi-
nent T-wave inversion and/or positive biomarkers of 
necrosis (e.g., troponin) in the absence of ST-segment 
elevation and in an appropriate clinical setting (chest 
discomfort or anginal equivalent) (15). NSTEMI 
was diagnosed by the presence of positive cardiac 
enzymes, whereas UA was not associated with ele-
vated cardiac biomarkers. 

 Patients with a history of renal disease, a history 
of coronary intervention or coronary artery bypass 
grafting, a history of infl ammatory rheumatic dis-
ease, or a history of chronic obstructive pulmonary 
disease were excluded from study. Patients with less 
than 80% coronary artery stenosis were also 
excluded. Finally, 230 patients with ACS (88 STEMI, 
110 NSTEMI, and 32 UA) were included in our 
study. Baseline characteristics, including age, sex, 
body mass index, smoking status, hyperlipidemia, 
hypertension, diabetes mellitus (DM), family his-
tory and previous medications, systolic blood pres-
sure, diastolic blood pressure, heart rate (beats/min), 
and the presence of chest pain were recorded in all 
patients. Hypertension was defi ned as systolic 
blood pressure     �    140 mmHg and/or a diastolic 
pressure     �    90 mmHg at least two times, or if the 
individual was taking antihypertensive medications. 
The diagnosis of DM was based on the history of 
diabetes treated with or without drug therapies. 
Hyperlipidemia was defi ned as total cholesterol 
level    �    5.2 mmol/l or treatment with a lipid-lowering 
agent. Furthermore, on admission, each patient was 
evaluated for serum creatinine, glucose, lipid profi le, 
creatine kinase MB (CK-MB), troponin, and hema-
tological indices. The extend of myocardial infarc-
tion was determined by the peak blood levels of 
troponin and CK-MB, which show amount of myo-
cardial injury. This study was approved by the local 
ethics committee and informed consent was obtained 
from each patient. 

 Each patient underwent a transthoracic echocar-
diography using a 3.5-MHz transducer (Vivid 7, GE-
Vingmed Ultrasound AS; Horten, Norway) within 
the fi rst 24 h after hospital admission. Echocardio-
grams were obtained with subjects in the left lateral 
decubitus position. EAT thickness was measured by 
two cardiologists who were blinded to the patients ’  
data, as described by Iacobellis et   al. (16). EAT was 
defi ned as the echo-free space in front of the right 
ventriclular free wall on transthoracic parasternal 
long-axis images. The measurement of EAT thick-
ness was made perpendicular to the aortic annulus 
at end-diastole. All measurements were performed 
for three consecutive cardiac cycles, and an average 
value was obtained. LV ejection fraction (EF) was 
determined by the Simpson method, according to 
the recommendations of the American Society of 
Echocardiography (17). 

 Judkin ’ s technique was used through a femoral 
approach to selective coronary angiography. Left 
anterior descending or LAD and left circumfl ex or 
LCx coronary arteries were evaluated in at least 4, 
and right coronary artery or RCA in at least two 
angiographic views. The coronary angiograms were 
examined by two specialists blinded to the clinical 
and laboratory fi ndings of the cases. Coronary vessel 
disease was described when the percent diameter 
stenosis is 80% or more in at least one coronary 
artery. Thrombolysis in myocardial infarction (TIMI) 
fl ow grade was also determined during coronary 
angiography. Collateral circulation was graded 
according to the Rentrop classifi cation. Accordingly, 
grade 0 was classifi ed as no fi lling; grade 1 was clas-
sifi ed as fi lling of side branches via collateral chan-
nels without visualization of the epicardial segment; 
grade 2 was classifi ed as a partial fi lling of epicardial 
major coronary artery via collateral channels; and 
grade 3 was classifi ed as complete fi lling of epicardial 
major coronary artery. Patients were divided into two 
groups based on the Rentrop classifi cation; low-
grade CCV group was defi ned as grade 0 – 1 and 
high-grade CCV was defi ned as grade 2 – 3. 

 Continuous variables are expressed as mean  �  
standard deviation; categorical variables are expressed 
as percentages. The Kolmogorov – Smirnov test was 
used to verify the normality of distribution of con-
tinuous variables. The independent sample  t -test or 
the Mann – Whitney  U  test was used for the continu-
ous variables and the chi-square test for categorical 
variables. Multivariate, stepwise backward condi-
tional logistic regression analysis was used to deter-
mine the independent predictors of presence of CCV 
and all signifi cant parameters in the univariate anal-
ysis were selected in the multivariate model. A receiv-
er-operating characteristic or ROC curve analysis 
was performed to identify the optimal cut-off point 
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of EAT thickness to predict the presence of CCV in 
patients with ACS. The area under the curve (AUC) 
value was calculated as a measure of the accuracy of 
the test; a two-tailed  p     �    0.05 was considered to be 
statistically signifi cant.   

 Results 

 The mean age of 230 patients was 57.4    �    7.8 years 
and 74% of the study population were men. On the 
admission angiography, 70 (30%) patients had Ren-
trop grade 2 – 3 CCV and they constituted high-grade 
CCV group. The remaining 160 (70%) patients had 
grade 0 – 1 CCV and they constituted the low-grade 
CCV group. The baseline demographic, echocardio-
graphic variables, and prehospital medications of the 
study patients are shown in Table I. High-grade CCV 
group had a higher values of EAT thickness com-
pared with low-grade CCV group (6.1    �    1.4 vs. 
5.3    �    1.4 mm;  p     �    0.001) (Figure 1). 

 There were no signifi cant differences between the 
study groups in terms of hemoglobin, white blood 
cell count, creatinine, low-density lipoprotein, and 
high-density lipoprotein cholesterol levels. The extent 

of myocardial infarction, as measured by peak 
CK-MB and troponin T levels, were signifi cantly 
higher in the low-grade CCV group (Table II). TIMI 
0 fl ow grade was statisticaly signifi cantly more prom-
inent in both of the groups (Table III). There were 
32 patients with diagnosis of UA. Two of them had 
TIMI 3 fl ow, 22 of them had TIMI 2 fl ow and the 
remaining eight patients had TIMI 1 fl ow. 

 Multivariate logistic regression analysis showed 
that the presence of CCV was independently associ-
ated with EAT thickness (odds ratio [OR]: 1.41; 95% 
confi dence interval [CI]: 1.15 – 1.78;  p     �    0.001), EF 
(OR: 1.10; 95% CI: 1.04 – 1.16;  p     �    0.011), present-
ing with STEMI (OR: 0.75; 95% CI: 0.60 – 0.92; 
 p     �    0.044). and the presence of angina at admission 
(OR: 0.60; 95% CI: 0.38 – 0.97;  p     �    0.041) (Table IV). 
EAT thickness of    �    5.7 mm can independently pre-
dict the presence of high-grade CCV with 73% sen-
sitivity and 69% specifi city (AUC: 0.65; 95% CI: 
0.57 – 0.72) (Figure 2).   

 Discussion 

 Our study results demonstrated that a thick EAT, a 
high EF, the presentation with STEMI, and the pres-
ence of angina were independent predictors of well-
developed CCVs in patients with ACS. 

 CCVs are structures that are normally present in 
the human heart, though invisible by angiography. 
These are interconnecting branches between the 
main arteries, and serve as alternative conduits for 
blood fl ow in obstructive coronary heart disease. 
Many factors infl uence the development of the CCV, 
such as percent diameter of coronary artery stenosis, 
duration of angina, DM, hypertension, smoking 

  Table I. Baseline characteristics of study groups.  

Low-grade 
CCV group 

( n     �    160)

High-grade 
CCV group 

( n     �    70)  P  value

Age (years) 57.2    �    7.7 57.8    �    8.1 0.613
Male (%) 115 (72) 56 (80) 0.194
Hypertension (%) 74 (46) 31 (44) 0.783
DM (%) 83 (52) 36 (51) 0.950
Smoking (%) 90 (56) 43 (61) 0.464
Dyslipidemia (%) 53 (33) 23 (33) 0.765
Systolic blood 

pressure (mmHg)
129    �    11 126    �    14 0.143

Diastolic blood 
pressure (mmHg)

80    �    7 79    �    7 0.122

Heart rate (bpm) 74    �    9 75    �    12 0.395
EAT thickness (mm) 5.3    �    1.3 6.0    �    1.4 0.001
EF (%) 45.2    �    5.6 47.7    �    6.5 0.003
Presence of angina 54 (34) 37 (53) 0.006
Diagnosis with 

STEMI (%)
77 (88) 11 (13)  �    0.001

Diagnosis with 
NSTEMI (%)

68 (62) 42 (38) 0.016

Diagnosis with 
UA (%)

15 (47) 17 (53) 0.725

Prehospital 
medications

Beta-blocker (%) 10 (6) 4 (6) 0.148
Statin (%) 15 (9) 9 (13) 0.053
ACEI (%) * 18 (11) 8 (11) 0.880
ARB (%) *  * 12 (8) 5 (7) 0.466
Aspirin (%) 35 (22) 16 (23) 0.156

   *  Angiotensin-converting enzyme inhibitor.      
*  * Angiotensin receptor blocker.   

   

  Figure 1.     Receiver-operating characteristics (ROC) curves for 
epicardial adipose tissue thickness value in prediction of coronary 
collateral vessel development.  
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status, hypoxia, endothelial functions, exercise, oxi-
dative stress, genetic factors, and medications (18). 
It has previously been shown that coronary stenosis 
with less than 80% luminal narrowing was rarely 
associated with angiographically demonstrable col-
lateral circulation, whereas lesions of 95% or more 
narrowing were nearly always associated with good 
collateral formation (19,20). 

 The presence or absence of CCV is important 
during acute ischemia. Coronary collateral formation 
can limit myocardial ischemia, minimize infarct size, 
protect viable myocardium, and correlate with clini-
cal outcomes in patients with ACS. Also, the pres-
ence of collaterals may contribute to myocardial 
viability for a prolonged period in patients with ACS. 
The CCV development in ACS has been associated 
with better myocardial perfusion and ventricular 
function as well as lower incidence of adverse cardio-
vascular events during long-term follow-up (21). Our 
study population was composed of ACS patients with 
diagnosis of STEMI, NSTEMI, and UA. Their mean 
peak values of CK-MB and troponin T levels, which 
show the extent of myocardial damage, was found to 
be relatively low. This may be explained by inclusion 
of UA patients, which had normal levels of cardiac 

enzymes, early revascularization, and high percent-
age of patients with the presence of high-grade coro-
nary collaterals. 

 In CCV development, many endogenous media-
tors such as growth factors, mainly vascular endothe-
lial growth factor, nitric oxide, infl ammatory markers, 
and neurohumoral markers are involved (22). EAT 
plays an important role in infl ammatory processes 
in the cardiovascular system because it releases sev-
eral bioactive molecules including adiponectin and 
proinfl ammatory cytokines such as interleukin-1, 
interleukin-6, vasoactive peptides, and tumor necro-
sis factor (23). All of these molecules can indepen-
dently play a role in terms of CCV development. 
Although the causes of CCV development are 
unknown, one of the responsible mechanisms is 
thought to be the activation of the immune system 
with predominant involvement of cytokines and 
chemokines. Several methods and cardiac locations 
have been used for measurement of EAT. In com-
parison with computed tomography (CT)-based 
measurement, echocardiography is a non-invasive 
imaging modality that is cost-effective and time-
saving. Echocardiographic measurement of the 

  Table IV. Multivariate logistic regression analysis of variables 
related to CCV development.  

OR 95% CI  P  value

EAT thickness 1.41 1.15 – 1.78 0.001
EF 1.10 1.04 – 1.16 0.011
Preinfarction angina 0.60 0.38 – 0.97 0.041
Diagnosis with STEMI 0.75 0.60 – 0.92 0.044
Diagnosis with NSTEMI 0.91 0.81 – 1.10 0.087
TIMI 0 fl ow grade 1.05 0.99 – 1.10 0.841
Troponin T 0.97 0.98 – 1.02 0.251

  Table II. Baseline laboratory fi ndings of patients.  

Low-grade 
collateral group 

( n     �    160)

High-grade 
collateral group 

( n     �    70)  P  value

Hemoglobin (g/l) 135    �    18.5 134    �    17.5 0.310
White blood cell count ( �    10 9 /l) 11.6    �    2.8 11.8    �    3.5 0.192
Platelet count ( �    10 9 /l) 235    �    72 236    �    68 0.390
Mean platelet volume (fl ) 8.6    �    1.2 8.6    �    1.1 0.090
Neutrophil count ( �    10 9 /l) 7.9    �    2.9 7.9    �    3.0 0.096
Lymphocyte count ( �    10 9 /l) 2.4    �    1.1 2.3    �    1.1 0.132
Total cholesterol (mmol/l) 4.7    �    1.2 4.9    �    1.1 0.310
LDL cholesterol (mmol/l) 3.1    �    0.8 3.2    �    0.8 0.392
HDL cholesterol (mmol/l) 0.9    �    0.2 0.9    �    0.2 0.635
Triglycerides (mmol/l) 1.8    �    0.8 1.8    �    0.8 0.444
Glucose (mmol/l) 6.4    �    3.3 6.8    �    2.6 0.134
Creatinine ( μ mol/l) 105.2    �    19.4 99.1    �    21.2 0.540
Peak CK-MB ( μ g/l) 90.2    �    35.3 45.4    �    22.4 0.005
Peak Troponin T ( μ g/l) 15.8    �    12.3 10.2    �    9.1 0.008

  Table III. TIMI fl ow grades of patients.  

TIMI fl ow grade

 P  valueTIMI 0 TIMI 1 TIMI 2 TIMI 3

Low-grade 
CCV (n)

106 36 16 2 0.004

High-grade 
CCV (n)

48 13 9  – 0.023



134 F. Sen et al. 

epicardial fat thickness has, however, several 
limitations for quantifi cation of EAT, including the 
lack of an adequate window around all cardiac seg-
ments and a low reproducibility. CT provides a more 
accurate quantifi cation of epicardial fat distribution, 
but multislice CT is a time-consuming process and 
involves considerable radiation exposure. Several 
locations have been used to measure EAT, like right 
ventricular free wall, left atrio-ventricular groove, 
and left main coronary artery region (24). The asso-
ciation between location-specifi c EAT thickness at 
the right ventricular free wall and CAD is still con-
troversial. Several studies using echocardiography 
have demonstrated a signifi cant relationship between 
CAD and location-specifi c EAT thickness measured 
at right ventricular free wall (25,26), while other 
studies using echocardiography or CT failed to 
observe a signifi cant association (27,28). In our 
study, EAT was measured from right ventricular free 
wall by standard echocardiography. Since our study 
population was composed of ACS patients, we pre-
ferred echocardiography to assess LVEF and recog-
nize possible mechanic infarct complications. 

 Cytokines, which are one of the important 
sources of infl ammatory mediators, have emerged as 
key cellular determinants for development of the 
CCV. EAT also contributes to development of CCV 
via its secretory properties. We hypothesize that EAT 
may play a role in the development of CCVs, since 
an increased thickness of EAT was signifi cantly 
associated with the presence of CCV in patients 
with ACS.          

 Declaration of interest:   The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper.      
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